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(57) Abstract: A device (10) for treatment of obesity of a patient comprises an annular element (12) having a relatively large outer 
boundary and a relatively small inner boundary, and an elongated flexible tube (14) extending from the relatively small inner bound- 
ary of the annular element to a distal end. The relatively large outer boundary is adapted to be attached to an inner wall of a stomach 
(100) of a patient, such that the annular element divides the stomach (100) into two chambers, an esophagus-end chamber close to 
an esophagus of the patient, and a pylorus-end chamber close to a pylorus of the patient The invention also provides a method for 
treatment of obesity of a patient which includes inserting an annular element having a relatively laige outer boundary and a relatively 
small inner boundaiy into a stomach of the patient, and attaching the relatively la^e outer boundary of the annular element to an 
inner circumference of the stomach of the patient. 
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GASTRIC BYPASS PROSTHESIS 



FIELD OF THE INVENTION 

(001) The present invention relates to devices and methods for surgical treatment 
of morbid obesity, and in particular to devices and methods for gastric bypass surgery. 

BACKGROUND OF THE INVENTION 

(002) Surgery for obesity accompUshes weight loss through restriction of food 
intake by a restrictive procedure, malabsorption of food by a malabsoiptive 
procedure, or a combination of both restrictive and malabsorptive procedures. 

(003) The history of gastric bypass surgery for the treatment of morbid obesity is 
summarized in The Story of Surgery for Obesity, compiled by Alex MacGregor, MD. 
Manyarrangementsof gastric bypass havebeentriedinpriorarL Based on success 
rate and a low compUcation rate, two procedures have risen to dominance in the field: 
vertical banded gastroplasty and Roux-en-y gastric bypass. 

(004) Vertical banded gastroplasty was developed by Dr. Edward E. Mason, 
Professor of Surgery at the University of Iowa in 1982. This technique, and its many 
variations, involve constricting a portion of the stomach to create a pouch exiting 
through a stoma using a band of synthetic material that will not stretch under the load 
of stomach expansion from overeating, hi the Mason technique (see Figure lA), a 
portion of the stomach is stapled and a "window" created through which the band is 
inserted to create the stoma. A variation of this technique developed in Europe 
involves creation of a pouch and stoma by simply surrounding the fundus of the 
stomach with aband of material (see Figure IB), hi both types of procedure, the size 
of the stoma is critical to the success of the procedure; too much constriction prevents 
food fiom passing, too Uttle allows food to pass freely, defeating the purpose of the 
procedure. To address this condition DrKuzmak(Kuzmak, Yap etal. 1990) 
developedaband incorporating an inflatable balloon coupled toasubcutaneous 

access port, thereby allowing post operative adjustment of the band through injection 
and removal of fluid fiom the balloon bladder (see Figure IC). 

(005) Verticalbandedgastroplastyisapurelyrestrictiveprocedure. Limitations 

and problems of vertical banded gastroplasty include the need for irreversible stomach 



wo 03/094785 



2 



PCT/US03/14885 



stapUng in the case of the Mason procedure and a tendency for the band to sUp out of 
position in the European and Kuzmak procedures. All versions of vertical banded 
gastroplasty can be defeated if the patient consumes large quantities of sweets or 
highly caloric liquids (e.g. milk shakes) which pass easily through the stoma and 
5 proceed normally through the foU digestive tract. This defeat mechanism has been 
cited as reason for a lower success rate, as measured by weight loss, for vertical 
banded gastroplasty in comparison to Roux-en-y gastric bypass. 

(006) Roux-en-y gastric bypass (see Figure ID) involves isolating (usually by 
stapling) a pouch in the upper stomach and forming a stoma comiecting directly to the 
10 jqunum (small intestine). The isolated lower stomach and duodenum are then 
connected further down the jejunum, thereby keeping the biUopancreatic process 
intact but further down the digestive tract, thereby reducing absorption of fets. 
Natural peristalsis of the intestine keeps bile from migrating backwards in the 
digestive tract. A side effect ofintroducingbile further downstream of primary 
15 digestion is aconditionknownas Dumping. Dumping occurs when the patient eats 
refined sugar following gastric bypass, this causes symptoms of rapid heartbeat, 
nausea, tremor and fainting, sometimes foBowed by diarrhea. In cases where the 
patient needs reinforcement to discourage poor eating habits, this unpleasant side 
effect is a deterrent to sweets and is credited in contributing to the higher success rate 
20 of the procedure in comparison to vertical banded gastroplasty. 

(007) Roux-en-y gastric bypass is a combination restrictive/malabsorptive 
procedure. Limitations and problems of Roux-en-y gastric bypass include the 
extremely invasive, irreversible nature of reconfiguring the digestive system. Also, 
the anastomotic coraxections of the procedure are prone to stomal stenosis and 

25 obstruction. 

(008) Prior inventions of devices for the treatment of obesity have failed to 
provide, in combination, the three elements of Roux-en-y gastric bypass that made the 
procedure so successful: restriction of food intake by drastically reduced stomach 
volume, malabsorption fiom isolation of the m^ority of the stomach and part of the 

30 intestines from the digestive process, and the negative reinforcement of dumping 
syndrome that results when sugars and fet reach the j ejunum without prior partial 
digestion. 
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(009) It is an object of the present invention to induce weight loss in an obese 
patient through a perorally placed device that restricts food intake. 

(010) It is an object of the present invention to mduce weight loss m an obese 
patient through a perorally placed a gastric bypass effecting device that restricts food 

5 intake and bypasses some of the absorptive regions of tiie GI tiract thereby inducing 
malabsorption. 

(011) It is an object of the present invention to provide a gastric bypass effecting 
device and method for the treatment of morbid obesity that duplicates the functional 
anatomy of vertical banded gashroplasty without high surgical morbidity. 

10 (012) It is an object ofthe present invention to provide a gastiic bypass effecting 
device and method for the treatment of morbid obesity that dupUcates the functional 
anatomy of Roux-en-y gastric bypass without high surgical morbidity. 

(013) It is a further object ofthe present invention to provide a gastiic bypass 
effecting device and method of accomplishing results comparable to Roux-en-y 

15 gastric bypass without abdominal surgery. 

(014) It is yet another object ofthe present invention to provide a gastiic bypass 
effecting device that is removable, and in so doing reverses the procedure and returns 
the patient to his/her natural anatomy. 

(015) It is also an object ofthe present invention to provide a gastric bypass 

20 effecting device tiiat facilitates attachment to the inner lumen of the stomach to form a 
reduced-size stomach pouch. 

(016) It is another object of flie present invention to provide a gastric bypass 
effecting device creating stomach pouch with a precisely designed exit stoma with 
predicable, repeatable size and performance characteristics and does not require post- 

25 operative adjustment. 

(017) It is yet another object of tiie mvention to provide a gastric bypass 
effecting device tiiat is a food conduit bypassing the absorptive components of the 

upper digestive tract 

(018) It is further an object ofthe invention to provide a gastiic bypass effecting 
device that is a food conduit that works with tiie natiiral peristalsis of the digestive 
tract to transport material along the digestive tract 



30 
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(019) It is also an object of the present invention to provide a gastric bypass 
effecting device that eliminates the risk of stomal stenosis and reduces the risk of 
bowel obstruction. 

(020) It is an object of the present invention to provide a gastric bypass effecting 
5 device for isolating swallowed food from a portion of the absorptive region of the GI 

tract while allowing stomach acid to mix with the food, tiiereby breaking down the 
food to feciUtate passage through the device and the non-isolated portion of the GI 
tract. 

(021) It is a fiirther object of the present invention to provide a gastiic bypass 
10 effecting device and mefliod for allowing excess stomach acid unreshicted passage 

from the stomach to tiie lower GI tract in the presence of an installed prosthetic 
device. 

(022) It is another object of the present invention to provide a gastiic bypass 
effecting device and method for synchronizing the action of the stomach pouch stoma 

15 valve with that of the pyloric sphincter to feciUtate the natiiral digestive regulatory 
timing and coordination. 

(023) It is yet another object of the present invention to provide a gastiic bypass 
effecting device and metiiod for converting fhe natural musclular contractions of the 
stomach into a pumping action within tiie lumen of the device to transport food 

20 contents through tiie lumen of the device. 

(024) It is a fiirther object of flie present invention to provide a gastiic bypass 
effecting device and metiiod for converting tiie natiiral musclular contractions of tiie 
stomach into a pumping action fliat sucks stomach acid from tiie pylorus-end chamber 
into the lumen of tiie device. 

25 

SUMMARY OF THE INVENTION 

(025) The forgoing objects are met in a new device and mefliod for tiie treatinent 
of morbid obesity. This new device and metiiod achieve tiie resteictive aspect of 
vertical banded gastroplasty and roux-en-y gastiic bypass tinrough formation of a 

30 stomach pouch substantially smaller than tiie natiiral stomach. This is achieved 

tim>ugh installation of an annular element, preferably a funnel-like sh^ed or conical- 
shaped element, which is circumferentially attached to tiie stomach wall dividing tiie 
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Stomach into two regions: the esophagus-end chamber and the pylorus-end chamber. 
In a preferred embodiment, the conical-shaped element is equipped with a reinforced 
flange extending from a proximal end of the conical-shaped element. The flange is 
capable of accepting sutures or staples, hi one preferred embodiment, the flange is 
tumed inward to accept the anvU element of a circular anastomotic stapler, hi a 
preferred embodiment, the volmne of the esophagus-end chamber (pouch) between 
the lower esophageal sphincter and the conical element is equivalent to the pouch 
fomied in standard surgical practice for roux-en-y gastric bypass: about 30 ml to 70 
ml, thus limiting the amount of fiwd intake of a patient. 
10 (026) The conical-shaped element includes an interior hoUow region having an 

opening at its distal end for passage of swaDowed food into the remainder of the 
gastrointestmal tract (GI tract), hi one embodiment, this opening is a substantially 
circular orifice with a diameter equivalent to the target diameter of the anastomotic 
stomafoimedsurgicallymgastric bypass surgery.approximatelySto 12mm. hia 

15 preferred embodiment, this opening inchades a valve assembly for closing the opening 
to prevent spontaneous passage of swallowed food or Uquid until the natural digestive 
regulation and coordination processes trigger movement and contraction of the 
stomach wall m the esophagus-end chamber. The controlling of the opening is 
preferably accomplished by the presence of a valve that requires positive pressure 

20 differential between the proximal side of the valve and the distal side of tiie valve to 
open (for the purpose of this description, proximal shall mean closer to the mouth end 
of the digestive tract and distal shall mean closer to the colon end when the device is 
in use). Opening pressure for this stoma valve should be greater than the pressure 
caused by gravity on a standing column of food within the pouch (1 to 5 mmHg) and 

25 less than the continent manometric pressure of the lower esophageal sphincter (about 
1 5 to 30 mmHg in healthy humans.) hi one preferred embodiment, this valve has a 
higher openmg pressure in the retrograde direction than m the forward direction to 
reduce the mcidence of reflux into the esophagus, hi another preferred embodiment, 
the stoma valve employs a valve with hysteresis such that the valve opens fully at an 
30 initial crackmg pressure and closes My at a closing pressure lower than the crackmg 
pressure, thereby offering more complete emptying of the pouch with smaller stomach 
waU contraction pressures, hi another preferred embodiment, the pouch stoma valve 
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conununicates with the pyloric sphincter such that the stoma valve opens upon 
relaxation of the pyloric sphincter muscle and closes in sync with pyloric sphincter 
muscle pressure. 

(027) M another preferred embodiment, further elements are added to provide a 
5 malabsoiptive aspect to the device. In one embodiment, the malabsorptive aspect is 
achieved by providing an elongated flexible tube extending from the distal end of the 
conical-shaped element to a distal end. The elongated flexible tube has a length so 
that the tube passes the pylorus of the patient and the distal end is positioned in the 
intestine when Ihe device is in use. Hie elongated flexible tube defines an inner 
10 central lumen which establishes communication between the distal stoma orifice or 
the valve of the conical-shaped element and the intestines distal to the pylorus, but not 
in communication with the pyloras-end chamber between the distal side of the 
conical-shaped element and the pyloric sphincter, thereby isolating ttiis otherwise 
absoiptivestomachregionfromcontactwifhfood. M one prefened embodiment. the 
15 tube is made of a flexible material such that the natural muscular movement of the 
stomach creates a pumping action to the tube to assist in transporting food through the 
lumen. In one preferred embodiment, the portion of the lumen transiting the pyloric 
sphincter has sufficient diametric rigidity to resist collapse firom pyloric sphincter 
pressure. In other embodiments, particularly the embodiment without a stoma valve 
20 at the distal end of the conical-shaped element, the region transiting the pyloric 
sphincter is sufficiently pUable to allow the tube to coUapse and the lumen to be 
closed under pyloric sphincter pressure. 

(028) In one embodiment, the diameter of the flexible tube is sized to provide a 
space between the outer surfece of the tube and the circumference of the pylorus when 
25 the sphincter is in a relaxed state, to allow passage of any excess stomach acid that 
may have accumulated in the pyloras-end chamber, hi other embodiments, 
passageways are provided on the outer surface of the flexible tube, for example, 
grooves defined on the outer surfiice of the tube, to allow passage of the stomach acid 
whenthepyloricsphincterisintheclosedstate. M another preferred embodiment, 
30 passageways are provided to allow stomach acid to pass one-way fiom the pylorus- 
end chamber into the inside of the lumen to assist in breakdown of food within the 



lumen. 
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(029) In one preferred embodiment, the elongated flexible tube extends beyond 
the pylorus and ends in the upper duodenum. In another preferred embodiment, the 
elongated flexible tube transits a portion of the duodenum, which portion bas a leogth 
equivalent to the length of the portion of the duodenum bypassed in standard practice 
5 of a loiK-en-y gastric bypass surgery (approximately 50 to 200 cm), thereby 
rendering this portion of the intestine malabsorptive. In a fiurther preferred 
embodiment, the elongated flexible tube includes at least a portion that is collapsible 
under peristaltic ^essure fiom the stomach or the intestmal wall, thereby allowing 
food to be transported through the lumen by means of stomach or intestinal peristalsis. 
10 In another preferred embodiment, the collapsible portion starts from the proximal end 
of the duodenum to the distal end of the tube. In one prefenred embodiment, the 
portion of the tube inihe duodenum region is constructed such that it is in a naturally 
coll^sed state, such as a flattened tube, with no external pressure required to 
compress the tube closed. In another preferred embodiment, the tube is constructed 
15 such that the inner central lumen is in a naturally open state, such as a round tube, 

such that external pressure is required to pinch the lumen closed and the lumen returns 
to the open state when external pressure is removed. In another preferred 
embodiment, aportionof the tube which is disposed in the peristaltic portion of the 
duodenum when the device is in use is made of an elastic material. The portion of the 
20 tube may be compressed by the peristalsis of the duodenum and the elastic wall of the 
tube forces tube to return to its naturally open state when the pressure from the 
duodenum peristalsis is removed, thereby creating a negative pressure within the 
hmien to assist in propulsion of food in the distal direction and to assist in sucking 
stomach acid into the inside of the lumen through the one-way acid valve, if provided. 
25 (030) The most preferred embodiment ofthe present invention will be designed 
for peroral implantation and explantation. In one preferred embodiment, the 
implantation will be performed as foUows: 

(031) Preparation: An endoscopic suturing device such as the C. R. BARD 
ENDOCINCIpw, or other endoscopic suturing device known to the art. will be used 
30 to place a pluraUty of sutures (10 to 12 sutures in apreferred embodiment) in the 
gastric cardiac region in a ring approximately 3 cm distal to the gastroesophageal 
junction. The sutures will be 2 m long polypropylene monofilament placed in a 
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mattress configuration with a felt pledget. The suture tails, in pairs, will be passed 
through the circumference of the gastric bypass prosthesis (GBP) attachment ring, 
flange using a free needle. A system of cut-away tubes (i.e. drinking straws) may be 
used to organize the strands and prevent suture pair entanglement. 

(032) Introduction: Suture pairs exiting the GBP flange will be taped together 
and identified by location. Each of the 10 to 12 pairs wUl be passed through the 
lumen of a 20 mm diameter hollow introducer tube. The GBP will be lubricated with 
hydrogel and stuffed in the distal end of the introducer tube (Cut-away organized 
tubes, if used, will be removed at this time.) The tube containing the GBP will be sUd 
along the suture strand pairs in the same manner as an artificial heart valve is 
"parachuted" into place. 

(033) Deployment: Once the introducer tube clears flie gastroesophageal 
sphincter, the GBP is ejected into the stomach by gently pushing &am the distal end 
ofthetubewithaplasticrod. The suture pairs are cmched up to take up slack around 
half the diameter of the flange, but leaving a gs?) big enough for a 12 mm endoscope 
on one side. With the introducer tube withdrawn but the suture tails still in the 
esophagus, a 12 mm steerable endoscope is introduced through the esophagus and 
through the gap left at the edge of the GBP flange. The distal end of the GBP is 
visuaUzed and captured using a grasper introduced through fte endoscope instrument 
canal. The endoscope, with the distal end of the GBP attached, is maneuvered 
through the pyloric sphincter and the duodenum to the full length of the GBP where 
the distal end is released and the endoscope withdrawn. 

(034) Fixation: The endoscope is repositioned just proximal of the GBP 
attachment ring flange. The suture pairs are cinched up, closing off the gap formerly 
used by the endoscope. One by one, each pair of suture tails is tied with a sUding 
lock-knot (Dines knot, Roeder knot, etc.) faciUtated by a knot-pusher to complete the 
10 to 12 mattress stitches. The flange is then inspected via endoscope, and the suture 
tails are trimmed using micro-scissors through the endoscope instrument canal, and 
the endoscope removed. In other preferred embodiments, a circular anastomotic 
stapler such as the ETHICON PROXIMATE™ is used in place of suturing. 

(035) E^lantation: This step entails endoscopic visualization of the GBP 
attachment flange, snipping the sutures at one side of the knot, and plucking the 
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10 



sutures out by the knot. TTie introducer tube, lubricated inside, is inserted past the 
gastroesophageal sphincter. A bent-wire hook is used to firmly engage one side ofthe 
attachment flange under endoscope visualization and pull it into the distal end ofthe 
introducer tube. When the wide flange portion ofthe GBP is fully enclosed by the 
introducer tube, the tube and GBP implant are puUed free of the GI tract as an 
assonbly. 

(036) Other objects, features and advantages will be apparent fiom the foUowing 
detailed description ofthe preferred embodiments thereof taken in conjunction with 
the accoiDpanying drawings in which: 

BRIEF DESCRIPTION OF THE DRAWINGS 

(037) Figure lAisapiiorartdiagramof a vertical banded gastroplasty a la 

Masoin 

(038) Figure IB is a prior art vertical banded gastroplasty without inflatable 

15 balloon; 

(039) Figure IC is a prior art vertical banded gastroplasty with stomal dilation 

controlling balloon a la Ku2mak; 

(040) Figure ID is a prior art diagram ofthe Roux-en-y gastric bypass; 

(041) Figure 2 is a schematic view ofthe gastric bypass prosthesis installed in 
20 the stomach and upper intestinal tract; 

(042) Figure 2A is a schematic view of apreferred embodiment ofthe gastric 
bypass prosthesis in accordance witii the present invention; 

(043) Figure 2B is a schematic view of a preferred embodiment ofthe gastric 
bypass prosthesis in accordance witii Ihe present invention; 

25 (044) Figure 3 is a schematic view of a preferred embodiment ofthe gastiic 
bypass prosthesis installed in the stomach and upper intestinal tract; 

(045) Figure 4 is a schematic view of apreferred embodiment ofthe gastiic 
bypass prosthesis installed in the stomach and upper intestinal tract; 

(046) Figure 5 is a side view of a preferred embodiment of the .gastric bypass 
30 prosthesis with an orifice stoma; 
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(047) Figure 5A is a cross-sectional view of a proximal end of the preferred 
embodiment of the gastric bypass prosthesis with an orifice stoma shown in Figure 5. 

taken along line A-A; 

(048) Figure 6 is a side view of apreferred embodiment of the gastric bypass 

5 prosthesis with a check valve stoma; 

(049) Figure 6A is a cross-sectional view of a proximal end of the preferred 
embodiment of the gastric bypass prosthesis with a check valve stoma shown in 

Figure 6, taken along line B-B; 

(050) Figure 7 is a schematic view of a preferred embodiment of the gastric 
10 bypass prosthesis with a check valve stoma; 

(051) Figure 7A is an enlarged view of aproximal end of apreferred 
embodiment of the gastric bypass prosthesis with a check valve stoma with asingle 
sKt in a closed condition, viewed 6om arrows C-C in Figure 7; 

(052) Figure 7B is an enlarged view ofaproximal end of apreferred 

15 embodiment of the gastric bypass prosthesis with a check valve stoma with a single 
sHt in an open condition, viewed ftom arrows C-C in Figure 7; 

(053) Figure 7C is an enlarged view ofaproximal end of aprefeffed 
embodiment of the gastric bypass prosthesis with a check valve stoma with a plurality 
of slits in a closed condition, viewed from arrows C-C in Figure 7; 

20 (054) Figure 7D is an enlarged view of a proximal end of a preferred 

embodiment of the gastric bypass prosthesis with a check valve stoma with a plurality 
of sUts in an opai condition viewed from anrows C-C in Figure 7; 

(055) Figure 8A is a cross-sectional view of a preferred embodiment of the 
proximal end of the gastric bypass prosthesis with a check valve stoma with hysteresis 

25 in a closed condition; 

(056) Figure 8B is a cross-sectional view of a preferred embodiment of the 
proximal end of the gastric bypass prosthesis with a check valve stoma with hysteresis 

in an open condition; 

(057) Figure 9A is a cross-sectional view of apreferred embodiment of the 
30 gastric bypass prosthesis with a stoma valve controlled by the action of Ihe pyloric 

sphmcter, vdth the valve m a closed condition; 
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(058) Figure 9B is a cross-sectional view of apreferred embodiment of the 
gastric bypass prosthesis with a stoma valve controlled by the action of the pyloric 
sphincter, with the valve in the open condition; 

(059) Figure 10 is a cross-sectional view of another preferred embodiment of the 
gastric bypass prosthesis in accordance with the present invention; 

(060) Figure 11 is a schematic view of a gastric bypass prosthesis installed in the 
stomach with a trans-pyloric section collapsible by pyloric sphincter pressure in 
accordance witii a preferred embodiment of the present invention; 

(061) Figure 12i8aschematicviewofapiefen:edembodimentofthe gastric 

bypass prosthesis installed in the stomach with a trans-pyloric section with grooves to 
permit passage of steanach acid; 

(062) Figure 12A is a cross-sectional view of the tube of the prefenred 
embodiment shown in Figure 12, taken along line D-D; 

(063) Figure 13 is a schematic view of a preferred embodiment of tiie gashic 
bypass prosthesis installed in the stomach with a tirans-pyloric section designed \o 
introduce stomach acid into the lumen witiiout allowing food to escape; and 

(064) Figure 13A is a cross-sectional view of the trans-pyloric section of the 
preferred embodiment shown m Figure 13, taken along arrows E-E. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

(065) For tiie purposes of promoting an understanding of the present invention, 
reference will now be made to the embodiments iUushrated in the drawings and 
specific language will be used to describe the same. 

(066) Figure 2 shows a preferred embodiment of a gastric bypass prosthesis in 
accordance with tJie present invention. As shown in Figure 2, the gastric bypass 
prosthesis 10, which is disposed in a stomach 100, includes a substantially amiular 
element 12 and an elongated tubular element 14. In other preferred embodiments, as 
shown in Figures 2, 2 A, and 2B. the amiular element 12 may be flat (Figure 2 A), 
substantially conical-shaped. fimnel-shq)ed. or tiimipet-shaped (Figure 2B). The 
element 12 also can be constructed with other shapes suitable for attaching to the 
stomach lining. The element 12 is preferably made of a flexftle material, but also can 
be made of rigid or semi-rigid materials. In one preferred embodiment, the amiular 
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element 1 2 may be flat-shaped and made of a flexible material, and when in use or 
under load, the annular element 12 may extend to a conical shape. The amiular 
element 1 2 includes a relatively large outer boundary 1 6 and a relatively small inner 
boundary 18. The elongated tubular element 14 extends from the relatively small 
5 inner bomidary 18 of the amiular element 12. Figure 2 shows an annular element 12 
with a substantially conical shape which includes a relatively large proximal end 1 6 
(relatively large outer boundary) and a relatively small distal end 1 8 (relatively smaU 
umer boundary) (for the purpose of this description, proximal shall mean closer to the 
mouth end of the digestive tract and distal shall mean closer to the colon end when the 
10 deviceisinuse). Ite elongated tubular element 14 extends from tiie relatively small 
distal end 18 of the conical shaped element 12. The conical-shaped element 12 and 
the tubular element 14 are preferably made of a biologicaUy conq)atiT)le, flexible 
material that is impervious to digestive fluids. In one preferred embodiment, the 
tubular element 14 are made entirely of siUcone rubber. Hie conical-shaped element 
15 12 may be made of the same material as the tubular element 14 or other suitable 
materials, andmaybemadeintegrally with tiietiibular element 14. 

(067) The relatively large proximal end 16 of the conical-shaped element 12 
further includes an annular flange 20 extending from the rim of the proximal end 16 
for attaching the proximal end 1 6 to the stomach lining by sutiire 22, or staples, 
20 adhesive, a combination of these, or other suitable means. In one embodiment, the 
flange 20 is made of the same material as tiie remainder of the device (e.g. siUcone 
rubber). In one preferred embodiment, the flange 20 includes a reinforcing fibrous 
woven or felt-hke material to resist tearing. In another preferred embodiment, the 
relatively small distal end 18 of the fimnel-shaped element 12 defines an opening 24 
25 that functions as a valve or stoma comiecting an interior region 26 of the fimnel- 
shaped element 12 to an internal lumen 28 defined within tiie tubular element 14. hi 
one embodiment, this opening 24 is a substantially circular orifice witii a diameter 
equivalent to the target diameter of the anastomotic stoma formed surgically in gastnc 
bypass surgery, approximately 8 to 12 mm. The fimnel-shaped element 12 when 
30 attached to the lining of the stomach 100. divides the stomach 100 to a proximal 
esophagus-end chamber 102 andadistal pylorus-end chamber 104. Asshownin 
Figure 2. the stomach has an increasing cross section and a decreasing cross section. 
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The flange 20 ofthe funnel-shaped element 12 is preferably attached to the inner wall 
ofthe increasing section ofthe stomach. In another preferred embodiment, the 
fonnel-shaped element 12 is attached to the stomach near the esophagus opening 101. 
In apreferred embodiment, the volume ofthe esophagus-end chamber (pouch) 102 
between the lower esophageal opening 101 and the conical element 12 is equivalent to 
the pouch formed in standard surgical practice for roux-en-y gastric bypass: about 30 
ml to 70 ml, thus limiting the amount of food intake by a patient at one time, hi a 
preferred embodiment, the proximal end 16 ofthe conical-shaped element 12 has a 
diameter which is smaUer than the diameter D of a portion of the stomach where the 
conical-shaped element 12 is to be attached, such that when the conical-shaped 
element 12 is attached to the inner wall of the portion, the portion of the stomach is 
constricted. 

(068) The length ofthe tabular element 14 may vary in accordance with the need 
ofapatient In one preferred embodiment, as shown in Figure 3, the device 10 
includes only the funnel-shaped element 12 which includes the flange 20 and the 
stoma 24. Figure 4 shows another preferred embodiment which further comprises a 
flexible tubular element 14 extending from the distal end 18 ofthe funnel-shaped 
element 12 passing the pyloric sphincter 106 to the duodenum 108. The imier Imnen 
28 ofthe flexible tubular element 14 is preferably maintained open and un- 
constricted. hi other embodiments, the flexible tubular element 14 may be short and 
extend within the stomach 100. In a preferred embodiment, the elongated tubular 
element 14 has a length of about 50 to 200 cm. 

(069) In still another preferred embodiment, as shown in Figure 2, the tubular 
element 14 includes two connected sections, a first open tube section 30 in which the 
mner hmien 28 is preferably maintained open, and a second thin-walled tube section 
32 which is preferably a thin-walled tube that is able to be collapsed with minimal 
pressure from the outside. In one alternate embodiment, this thin-walled section 32 is 
naturally in a collapsed state and is opened only by pressure from inside the tube 32. 
In another embodiment, the thin-walled tube section 32 extends the full length of the 
tubular element 14 from the distal end 18 ofthe funnel-shaped element 12 to a distal 
end 34 ofthe tubular element 14. In yet another embodiment, the tubular element 14 
may include only the open tube section 30 which extends from the distal end 1 8 of the 
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funnel-shaped element 12 to the distal end 34 of the tubular element 14. In a 
preferred embodiment, the distal end 34 of the tubular element 14 ends in an opening. 
In other embodiments, the distal end 34 is closed and perforations are provided in the 
walls of the tubular element 14 near the distal end 34. 

(070) In the preferred embodiments in which the tubular element 14 includes a 
portion or a section which may coUapse under pressure, the wall of such portion or 
section is preferably made of a flexible material that collapses when under a pressure 
differential of about 0 to 20 mmHg between the outside of the tubular element 14 and 
the inside of the tubular element 14. In these embodiments, the remainder of the 
tubular element 14 ftwrtions other than the above^described collapsible portion) may 
collapse under a pressure differential greater than 2QmmHg between the outside of the 
tubular element 14 and the inside of the tubular element 14. 

(071) Figure 5 is a schematic view of one preferred embodiment and 5A is a 
cross^sectional view of the embodiment taken along line A- A in Figure 5. As 
shown in Figures 5 and 5A, the device 10 includes a simple orifice restriction stoma 
24 which connects flie interior region 26 of the funnel-sh^ed element 12 wifli the 
inner lumen 28 of the tubular element 14. 

(072) Figures 6 and 6A show another preferred embodiment of the device 10, in 
which the device 10 further includes a valve assembly 24A disposed at the opening 
24. The valve assembly 24A is constructed as a stoma valve comprising a sHt 38 
defined in a circular member 40, preferably a thin conical section or a circular pad 
made of a flexible material. The thin conical section 40 extends fiom the distal end 
18 of the funnel-shaped element 12, and is preferably constructed integrally with the 
fimnel-shaped element 12. The valve 24 A preferably opens when the pressure 
differential between the pressure in the interior region 26 which is on the proximal 
side of the valve 24A and the pressure in the lumen 28 which is on the distal side of 
tiie valve 24A reaches a desired value. A pressure gradient in the reverse direction 
(from the distal side of the valve 24A to the proximal side of the valve 24A) would 
hold the valve closed in all but extraordinary biological pressure conditions. The 
desired pressure differential for opening the valve 24A is controUed by the design, 
size, and position of the valve 24A. the thickness of the wall of the conical section 40. 



wo 03/094785 



15 



PCT/US03/14885 



10 



and the hardness of the material used in fiumel-shaped element 12 and the conical 
section 40. 

(073) Figure 7 is a side schematic view of the embodiment 10 shown in Figure 6 
and 6A. Figures 7A-7D show various embodiments of the valve 24A viewed from 
arrows C-C. Figure 7 A shows a single slit valve in the closed condition. Figure 7B 
shows a single sUt valve as it would appear when forced open by gastric constriction 
pressurewithinthepouchl02. Figure 7C shows a stoma valve with a plurality of 
slits 38 in closed condition, and Figure 7D shows the sUts 38 are in open condition. 
Ite valve assembly 24A may be constructed with a thin flat section attached to the 
distal end 18, instead of the conical-sh^ed section 40. Other embodiments of the 
invention may employ other pressmre responsive valves and check valves, nmnerous 
examples of which are known to the art. The arrangement of the opening 24 and the 
valve assembly 24A shown in Figures 5-7D makes the opening 24 to function as a 
stoma orifice. 

15 (074) Figure 8A shows apreferredstomavalve arrangement with built-in 

hysteresis. In this embodiment, the valve assembly 24A includes a plug element 41 , 
which is sized to engage with and close the opening 24 and connected to an elastic 
hinge element 42, which extends inwardly from an inner surface of the tubular 
element 14. A small flexible protrusion 46 extends from a distal side of the plug 

20 element 41 toward a distal end. A small bump 48 extends inwardly from the inner 
surfece of the tubular element 14 near the proximal end of the tubular element 14. In 
a preferred embodiment, a small socket 50 is defined in the middle of the small bump 
48. The distal end of the small protrusion 46 rests in the socket 50 when the plug 
element 40 closes the opening 24, as shown in Figure 8 A. Sufficient pressure to open 

25 the valve assembly 24A causes the plug element 41 to swing down to a lower energy 
state, which in turn causes the protrusion 46 to snap over the rim of the bump 48 to an 
uppc^ position as shown in Figure 8B. The protrusion 46 provides resistance at initial 
opening, thereby achievinghysteresis. The valve assembly remains open untU the 
pressure differential reduced to a predetemiined lower value, for example zero. When 
30 ihepressuredifferentialreducedtothepredeteraiinedlowervalue,theelastichinge 

element 42 biases the plug element 40 toward the closed position and the flexible 
protrusion 46 to return to the position where Ihe distal end of Ihe protrusion rests in 
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the socket 50. The device also can use other suitable hysteresis or snap-action 
mechanisms which are know in the art to control the opening and closing of the valve 
assembly 24A. 

(075) Figures 9A and 9B show a gastric bypass prosthesis with a stoma valve 

5 assembly 24A controlled by the action of the pyloric sphincter 106. An annular fluid 
filled chamber 60 is defined within the tubular element 14 in the region where the 
device 10 passes through the pyloric sphincter 106. A balloon-like bulb 64 is 
deployed at the stoma opening 24. The balloon-like bulb 64 is sized to close the 
opening 24 when the bulb 64 is inflated. A passageway 62 is provided for providing a 

10 fluid communication between the chamber 60 and an inner chamber of the balloon- 
like bulb 64. Pressure firom the pyloric sphincter 106 collapses the chamber 60, 
thereby forcing the fluid through the passageway 62 to the balloon-Uke bulb 64 at the 
stoma opening 24, inflating the balloon-like bulb 64 which in tum closes the stoma 
opening 24. Figure 9B shows the pyloric sphincter 106 in a relaxed condition, as it 

15 would be when the timing of the digestive process calls for emptying of the stomach 
contents into the intestines. At this time, the pressure &om the pyloric sphincter 106 
is removed fit>m the annular chamber 60, and the annular chamber 60 expands, 
drawing fluid from the inner chamber of the balloon-like bulb 64 through the 
passageway 62 to tihe chamber 60, causing the balloon-like bulb 64 to retract, and 

20 thereby opening the stoma opening 24. Other embodiments employing other means 
may be used to achieve the same coordination of the stoma valve assembly 24A and 
flie pyloric sphincter 106, such as mechanical Imkages, electrically actuated 
mechanisms and microelectronic pressure sensors signaling remote action through 
electrical or fiber-optic signals, or any other remote actuation means known to the art. 

25 Still other embodiments can be used to trigger stoma valve action based on signals 

fiom microelectronic measurements which detects the presence of digestive juices and 
homiones used by the body to time and regulate the digestive process. 

(076) Figure 10 shows another preferred embodiment where a second one-way 
check valve 70 is used at a distal end 31 of the open tube section 30 of the tubular 

30 element 14 in addition to the stoma valve 24A which is disposed at the proximal end 
of ttie tubular element 14. Additionally, the wall of the open tube section 30 is 
preferably constructed with a plurality of pleats 72 such that flie length of the section 
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30 compresses and expands without substantial change to the lumen diameter of the 
inner lumen 28, like an accordion, when subjected to the natural contractions and 
churning action of the stomach wall. This results in a pumping action that helps 
propel swallowed food through the device 10. 

5 (077) In the above-described embodiments as shown in Figures 5-10, the valve 
assembly 24A is preferably constructed such that opening pressure for this valve 
assembly 24A is greater than the pressure caused by gravity on a standing column of 
food within the pouch (1 to 5 mmHg) and less than the continent manometric pressure 
of the lower esophageal sphincter (about 15 to 30 mmHg in healthy humans.). In a 

10 preferred embodiment, tiie pressure assembly 24A opens when the pressure 

differential from the proximal side of flie opening 24 to the distal side of the opening 
24isequaltoorgreaterthanfliepressuredifferentialcreatedbyswallowing. Intiie 

embodiment witii hysteresis means, the pressure differential for opening the valve 
assembly 24A is also preferably approximate to liie pressure differential created by 
15 swallowing, and tiie lower pressure differential for closing is preferably approximate 
to tiie normal pressure in the stomach. In anotiier preferred embodiment, tiie valve 
assembly 24 A opens when pressure differential is greater tiian about zero, in anotiier 
preferred embodiment, about 20 mmHg. It is also preferable fliat tiie valve 24A is a 
one-way valve assembly, allowing food passage ftom flie proximal side to tiie distal 
20 side of tiie opening, and remain closed when tiie pressure on tiie distal side is greater 
tiian tiie proximal side of tiie opening 24, tiius preventing reflex of tiie food. 

(078) In anotiier preferred embodiment, as shown in Figure 11, tiie tiibular 
element 14 includes a trans-pyloric section 74 which is disposed at tiie pylorus 106. 
The lateral waU of tiie section 74 transiting the pylorus is preferably flexible enough 
25 such tiiat tiie lumen 28 witii tiie section 74 is squeezed shut by tiie pyloric sphincter 
when tiie pyloric sphincter closes tiie pylorus 106. This embodiment, which may also 
includes tiie flexible tixbe section 30 witii a pluraUty of accordion-hke pleats 72, can 
have a pumping action similar to tiiat shown in Figure 10 and can allow food 
movement in concert witii flie regulatory digestive timing of tiie body similar to the 
30 embodiment shown in Figures 9A and 9B. 

(079) Figure 12 shows anotiier preferred embodiment designed to prevent build- 
up of excess stomach acid in tiie pylorus-end chamber 104. In fliis embodiment, as 
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best shown in Figure 12A, the trans-pyloric portion 74 of the device 10 which transits 
the pylorus 106 is provided with a plinraUty of open-faced fluted channels or grooves 
80 on the outer surface of the section 74. The channels 80 preferably run parallel to 
the axis of the device 10 such that when the pyloric sphincter 106 is closed, excess 
acid can freely pass into the intestines 108 through the channels 80. Other alternate 
embodiments employing enclosed channels isolated from the interior lumen 28 of the 
device 10 with openings in the pylorus-end chamber 104 and the intestines 108 can be 
used. Other alternate embodiments can employ a single passageway or flute at the 
section 74. Still other alternate embodunents may use single or multiple passageways 
or flutes in non-parallel or serpentine geometry. 

(080) Figure 13 shows a preferred embodiment designed to allow introduction of 
stomach acid into the lumen 28 of the device to aid in breakdown of the swallowed 
food, while still keeping the food inside the lumen 28 and isolated from the proximal 
portion ofthe digestive system. In the prefenred embodiment, the tubular element 14 
includes two sections, a first section 30 and a second section 32. The first section 30 
includes a distal portion 31A whose outer diameter tapers to a distal end 31 or the 
lateral wall ofthe distal portion 31 A thins to its distal end 31. The second section 32 
includes a proximal portion 33 A which is preferably tinimpet-bell sh^ed and includes 
a proximal end 33 defining an opening having an inner diameter greater than the outer 
diameter ofthe distal end 31 of the first section 30. The two sections 30 and 32 are 
comiected by inserting the distal portion 3 1 A of the first section 30 into the proximal 
portion 33A ofthe second section 32, such that the two sections 30 and 32 form the 
continuous inner lumen 28 extending within the two sections 30 and 32. The first 
section 30 is preferably flexible and round shaped such that the portion ofthe inner 
lumen 28 within the section 30 is maintained open. The second section 32 is 
preferably thin-walled and made of a flexible material that can be coUapsed with 
minimal pressure from the outside. In one alternate embodiment, tiiis thin-walled 
section 32 is naturally in a collapsed state and is opened only by pressure &om inside 
the section 32. 

(081) As shown in Figure 13A the distal portion 31A ofthe first section 30 is 
inserted into and overlaps with the proximal portion 33A ofthe second portion 32. 
forming an overl^ping portion. When the pressure inside the lumen 28 of distal 
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portion 31 A is greater than the pressure within the pylorus-end chamber 104, the thin 
lateral wall of the distal portion 31A expands that results in the outer surface of the 
distal portion 31 A of the first section 30 in tiight contact with the inner surface of the 
proximal portion 33A of the second section, sealing the overlapping junction between 
two tube sections 30 and 32 and keeping tiie contents of the lumen 28 isolated firom 
the digestive system. When tiie pylorus 106 exerts pressure to tiie overlapping 
portion, the thin-walled distal portion 31A collapses inwardly and disparts from the 
proximal portion 33A of the second section 32, thus creating gaps between the outer 
surface of the distal end 31 A and the inner surface of the proximal portion 33A, 
allowing stomach add from the pylorus-end chamber 104 to enter the lumen 28 
throu^ the gjq)s at the jimction of the distal portion 31A and the proximal portion 
33A. 

(082) A pluraUty of ribs 84 connect the proximal portion 33A of second section 
32 to the distal portion 31 A of the first section 30, preventing tiie second section 32 
from supping away from flie distal portion 31 A of tiie first section 30. The ribs 84 are 
integral to and comiect tiie two portions 3 1 A and 33 A allowing tiie two walls of tiie 
two portions to be spaced apart for a limited distance. The trunq)et-bell shaped 
opening 33 (the proximal end of flie second section 32) includes an amiular rim 86 
sufficiently larger than tiie fully dilated opening of tiie pylorus 106, and of sufficient 
rigidity to prevent spontaneous passage of tiie annular rim 86 tiirough tiie pylorus 106 
caused by pulling forces in tiie distal direction created by peristaltic actions, tiiereby 
keeping tiie junction (tiie overlapping portion of tiie distal portion 31A and tiie 
proximal portion 33 A) of tiie two sections 30 and 32 inside tiie pylorus 106 and 
providing an annular sealing around tiie inner circumference of tiie pylorus 106. 

(083) The rim 86 of tiie trumpet-bell shaped opening 33 also shares tiie puUing 
load exerted on tiie flange 20 of tiie fimnel-shaped element 12, which is comiected to 
tiie stomach wall. Otiier embodiments may use flaps cut into tiie waU of tiie tube 14 
tiiat swing inward witii external pressure and seal to tiie tiibe wall witii internal 
pressure to accompHsh controlled entrance of stomach acid into tiie lumen 28 witiiout 
exit of fool Still otiier embodiments may use one or more one-way check valves at 
tiie junction of the two sections 30 and 32. 
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(084) The most preferred embodiment of the present invention will be designed 
for peroral implantation and explantation. The present invention further includes 
methods for treatment of obesity of a patient. In one preferred embodiment, the 

method will be performed as follows: 
5 (085) Preparation: An endoscopic suturing device such as the C.R. BARD 

ENDOCINCH™, or other endoscopic suturing device known to the art, will be used 
to place aplurality of sutures (10 to 12 sutures in apreferred embodiment) in the 
gastric cardiac region in a ring approximately 3 cm distal to the gastroesophageal 
junction. The sutures will be 2 m long polypropylene monofilament placed in a 
10 mattressconfigurationwilhafeltpledget The suture tails, in pairs, will be passed 
through the circumference of the gastric bypass prosthesis (GBP) attachment ring 
flange using a free needle. A system of cut-away tubes (i.e. drinking straws) may be 
used to organize the strands and prevent suture pair entanglement. 

(086) lhtroduction:SuturepairsexitingiheGBPflangewillbet^edtogether 
15 andidentifiedby location. Eachofthe 10 to 12 pairs will be passed through the 

lumen of a 20 mm diameter hollow introducer tube. The GBP will be lubricated with 
hydrogel and stuffed in the distal end of the introducer tube (Cut-away organized 
tubes, if used, will be removed at this time.) The tube containing the GBP will be sKd 
along the suture strand pairs in the same manner as an artificial heart valve is 

20 "parachuted" into place. 

(087) Deployment: Once the introducer tube clears tiie gastroesophageal 
sphincter, the GBP is ejected into the stomach by gentiy pushing from the distal end 
of the tube with a plastic rod. The suture pairs are cinched up to take up slack around 
half the diameter of the flange, but leaving a gap big enough for a 12 mm endoscope 

25 on one side. With the introducer tube withdrawn but the suture tails still in the 
esophagus, a 12 mm steerable endoscope is introduced through the esophagus and 
through the g^ left at the edge of the GBP flange. Tlie distal end of the GBP is 
visualized and captured using a grasper introduced through the endoscope instrament 
canal. The endoscope, with flie distal end of the GBP attached, is maneuvered 

30 through the pyloric sphincter and the duodenum to the full length of the GBP where 
the distal end is released and the endoscope withdrawn. 
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(088) Fixation: The endoscope is repositioned just proximal of the GBP 
attachment ring flange. The suture pairs are cinched up, closing off the gap formerly 
used by the endoscope. One by one. each pair of suture tails is tied with a sUding 
lock-knot (Dines knot, Roeder knot, etc.) facihtated by a knot-pusher to complete the 
10 to 12 mattress stitches. The flange is then inspected via endoscope, and the suture 
tails are trimmed using micro-sdssors through the endoscope instrument canal, and 

the endoscope removed, hi other prefened embodiments, a circular anastomotic 
stapler such as tiie ETHICON PROXIMATE™ is used in place of suturing. 

(089) Explantation: This step entails endoscopic visualization of the GBP 
attachment flange, snipping the sutiires at one side of the knot, and plucking the 
sutures out by the knot The introducer tube, lubricated inside, is inserted past the 
gastioesophageal sphincter. A bent-wire hook is used to firmly engage one side of the 
attachment flange under endoscope visualization and pull it into the distal end of the 
introducer tube. When the wide flange portion of the GBP is fully enclosed by the 
introducer tube, the tube and GBP implant are pulled firee of the GI tract as an 
assembly. 

(090) The invention may be embodied on other specific form without departing 
from the spirit or essential characteristics thereof The present embodiments are 
therefore to be considered iUustrative and not resteictive, the scope of the invention 
being dictated by the appended claims rather than by die foregoing description, and all 
changes which come witiiin the meaning and range of equivalency of the claims are 
therefore intended to be embraced therein. 
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I Claim: 

1 . A device for treatment of obesity of a patient comprising: 



10 



an annular element having a relatively large outer boundary and a relatively 

» ffpft11 inner boundary; 

an elongated flexible tube extending between a proximal end and a distal end, 
said tube defining a central lumen within said tube, said proximal end of said tube 
being connected to said relatively small inner boundary of said annular element, and 
foimingacontinuous passageway througharegion interior to said relatively smaU 

inner boundary and said hunen, 

wherein said relatively large outer boundary of said annular element is adapted 
to be attached to an inner wall of a stomach of said patient, such that said annular 
element divides said stomach into two chambers, an esophagus-end chamber close to 
an esophagus of said patient, and a pylorus-end chamber close to a pylorus of said 
patient, and wherein said esophagus-end chamber is in fluid communication with said 

15 lumen of said tube. 

2. A device according to claim 1, wherein said annular element is flat. 

3. A device according to claim 1, wherein said annular element is trumpet- 
shaped. 

4. A device according to claim 1, wherein said annular element is a substantially 
20 conical-shaped element extending between a relatively large proximal end at said 

relatively large outer boundary and a relatively small distal end at said relatively small 
inner boundary, said conical-shaped element defining a hollow interior region 
extending between the two ends. 

5. A device according to claim 1, wherem said esophagus-end chamber has an 
25 aiclosed volume of about 30 to 70 ml. 

6. A device according to claim 1, wherein said annular element defines an 
opening at said relatively small boundary, said opening connected to said lumen of 
said tube, wherein said opening has adiameter of aboutO.Sto 1.5 cm. 

7. A device accordmg to claim 1, wherein said device further comprises a valve 
30 assembly disposed within said passageway near said proximal end of said tube for 

controlling opening and closing of said passageway. 
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8. A device according to claim 7, wherein said valve assembly opens when a 
pressure differential from a proximal side of said valve assembly to a distal side of 
said valve assembly is greater than a predetermined value, and said valve assembly 
closes when said pressure differential is less than the predetermined value. 

9. A device according to claim 8, wherein said predetermined value is 
approximate to a pressure differential created by swallowing. 

10. A device according to claim 8. wherein said predetemiined value is about 5 
mmHgtoBOmmHg. 

11. A device according to claim 7. wherein said valve assembly comprises an one- 
way valve, allowing passage of food from a proxunal side to a distal side of said valve 

and impedmg passage of food from the distal side to the proximal side. 

12. A device according to claim 7, wherein said valve assembly comprises a 
circular member attached to said relatively small boundary of said amiular element, 
said circular member defining at least one sUt cutting through said circular member, 
said sUt being adapted for passage of food when expanded. 

13. A device according to claim 7, wherem said valve assembly is characterized 
by hysteresis such that said valve assembly has an opening pressure differential across 
said valve assembly and a closing pressure differential across said valve assembly, 
said opening pressure differential being greater than said closmg pressure differential. 

14. A device according to claim 13, wherein said first predetermined value is a 
pressure differential created by swallowing. 

15. A device according to claim 13, wherein said hysteresis means of said valve 

assembly contprises: 

an elastic hinge element extending &om an inner surface of said tube; 

aplug element attached to said hinge element, wherein said plug element is 
sized to close said passageway, 

a protrusion extending from a distal side of said plug element to a distal end; 

and 

abump extending from said inner surface of said tube, said bump defining a 
socket in said bump, wherein said distal end of said protmsion rests in said socket 
when said plug element closes said passageway, wherein when the pressure 
di^tial reaches the first predetermined value, the pressure differential causes said 
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plug element to swing toward the distal end of the tube and thereby causes said 
protrusion to snap over said bump, when said pressure differential reaches said second 
predetermined value, said elastic hinge element causes said plug element to swing up 
to close said passageway. 

16. A device according to claim 7, wherein said valve assembly comprises means 
for sensing opening and closmg of the pylorus, and wherein said valve assembly is 
adapted to open and close said passageway corresponding to the opening and closing 
of the pylorus. 

17. A device according to claim 7, wherem said valve assembly comprises means 
for detecting digestive juices in a digestive tract of the patient, and wherein said valve 
assembly is adapted to open and close said passageway in response to the detected 
digestive juices. 

18. A device according to claim 7, wherdn said valve assembly comprises means 
for detecting hormones in a digestive tract of the patient, and wherein said valve 
assembly is adapted to opm and close said passageway in response to the detected 
hormones. 

19. A device according to claim 1, wherein said annular element is flexible. 

20. A device according to claim 1, wherein at least aportion of said flexible tube 
is thin-walled and made of a flexible material such that the thin-walled portion 
collapses to a substantially flat condition when subjected to a positive pressure 
differential &om the outside of the tube to the inside of the tube. 

21. A device according to claun 1, wherein said flexible tube includes two 
sections, a first section connected to the relatively small inner boundary of said 
annularelement,andasecondsectionconnectedto adistalendof saidfirstsection. ■ 

wherein said first section has a length such that when said device is attached to the 
inner wall of the stomach, said first section extends to the pylorus of said patient, 
wherein said second section is thin-walled and made of a flexible material such that 
the second section collapses to a substantially flat condition when the pressure outside 
the second section is greater than the pressure inside the second section. 

22. A device according to claim 21, wherein said first section is made of a flexible 
material such that when the pressure differential fi»m the outside of the first section to 
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the inside the first section is greater than a predetermined value, said first section 
collapses to a substantially flat condition. 

23. A device according to claim 21, wherein said first section is accordion-like 
shaped such that the length of said first section compresses and expands without 
substantial change to the diameter of said lumen within said first section. 

24. A device according to claim 21, wherein said device comprising a first valve 
assembly disposed near the proximal end of said tube, and a second valve assembly 
disposed at the distal end of said first section, wherein said valve assembUes are 
adapted for opening and closing said passageway. 

25. A device according to claim 1, wherein said flexible tube has a length of about 
50 to 200 cm. 

26. A device according to claim 1, wherein said flexfljle tube has a length such 
that when said device is attached to the stomach of the patient, said tube extends 
beyond the pylorus of said patient. 

27. A device according to claim 1 , wherein said relatively large outer boundary of 
said amiular element is ad^ted to be attached to the inner wall of the stomach by 
sutures. 

28. A device according to claim 1, wherein said relatively large outer boundary is 
adapted to be attached to the inner wall of ihe stomadi by stales. 

29. A device according to claim 1, wherein said relatively large outer boundary is 
adj^ted to be attached to the inner wall of the stomach by adhesive. 

30. A device according to claim 1, wherein said relatively large outer boundary is 
adapted to be attached to the inner wall of the stomach by any combination of sutures, 
staples, and adhesive. 

31. A device according to claim 1, wherein said annular element includes an 
annular flange extending fi:om said relatively large outer boundary of said annular 
element, said annular flange is adapted to be attached to the inner wall of the stomach. 

32. A device according to claim 3 1 , wherein said flange is reinforced with a 
fibrous material. 

33. A device according to claim 1, wherein said flexible tube is accordion-like 
shaped such that the length of said tube compresses and expands without substantial 
change to the diameter of said lumen within said flexible tube. 
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34. A device according to claim 1, wherein said annular elOTient is adapted to be 
attached to the inner wall of an upper portion the stomach, which is close to the 
esophagus of the patient. 

35. A device according to claim 1, wherein said relatively large outer boundary of 
5 said annular element has a diameter which is smaller than the diameter D of a portion 

of the stomach where the annular element is to be attached, such that when said 
annular element is attached to the inner wall of said portion, said portion of said 
stomach is constricted. 

36. A device according to claim 1 , wherein said tube comprises a flexible portion 
10 which passes flirough the pylorus of the patient such that when the pylorus constricts, 

said portion is compressed so that said passageway is closed by the pylorus. 

37. A device according to claim 1, wherein said tube comprises a portion that 
passes through the pylorus of the patient, said portion comprising channels for 
conducting fluid fiom stomach to intestine. 

15 38. A device according to claim 1, wherein said tube defines at least one one-way 
channel on a lateral wall of said tube, said one-way channel allowing passage of fluid 
from a digestive tract of said patient into said lumen and unpeding passage of food 
jQrom said lumen to said digestive tract 

39. A device according to claim 1 , wherein said tube comprises two sections, a 
20 first section extending firom said distal end of said annular element, and a second 
section, wherein said first section includes a flexible distal portion which diameter 
tapers to its distal end, and wherein said second section includes a trumpet-bell shaped 
proximal portion at a proximal end of said second section, and wherem said distal 
portion of said first section is inserted into said proximal portion of said second 
25 section and is connected to the second section by connecting means, forming an 
overiapping portion, said overlapping portion passing through the pylorus of the 
patient when the device is attached to the stomach, such that when the pressure inside 
said overlapping portion is greater than the pressure outside the overiapping portion, 
walls of said flexible distal portion expands and in tight contact with walls of said 
30 proximal portion, and when the pylorus compresses said overlapping portion, said 
flexible distal portion of said first section collapses, creating at least one gap between 
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said distal portion and said proximal portion for conducting fluid from the pylorus- 
end chamber into the second section. 

40. A device for treatment of obesity of a patient comprising: 

an amiular element having a relatively large outer boundary and a relatively 

5 small inner boxmdary; 

an elongated flexible tube extending between a proximal end and a distal end, 
said tube defining a central lumen within said tube, said proximal end of said tube 
being connected to said relatively small boundary of said annular element, and 
forming a continuous passageway through a region interior to said relatively smaU 

10 boundary and said lumen, 

wherein said relatively large outer boundary of said annular element is ad^ted 
to be attached to an inner wall of a stomach of said patient, such that said annular 
element divides said stomach info two chambers, an esophagus-end chamber close to 
an esophagus of said patient, and apylorus-end chamber close to apylorus of said 

15 patient, and wherein said esophagus-end chamber is in fluid communication with said 

himen of said tube, 

wherein said flexible tube includes two connected sections, wherein said first 
section has a lengtti such tiiat when said device is attached to flie inner wall of tiie 
stomach, said first section extends &om the relatively smaU inner boundary of said 
20 annular element to the pylorus of said patient, wherein said second section is made of 
a flexible material and is fliin-walled such that said second section coll^ses to a 
substantially flat condition when the pressure outside tiie second section is greater 
than the pressure inside the second section. 

41 . A device according to claim 40, wherein said device further comprises a valve 
25 assembly disposed within said passageway near said proximal end of said tube, 

wherein said valve assembly is adapted for opening and closing said passageway. 

42. A device according to claim 40, wherein said valve assembly opens when a 
pressure differential from a proximal side of said valve assembly to a distal side of 
said valve assembly reaches a pressure differential created by swallowing, and 

30 remains closed when the pressure differential across the valve assonbly is less than 
the pressure differential created by swallowing. 
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43. A device according to claim 40, wherein said first section is accordion-like 
shaped such that the length of said first section compresses and expands without 
substantial change to the diameter of said lumen within said first section. 

44. A device for treatmait of obesity of a patient comprising: 

an annular element having a relatively large outer boundary and a relatively 

smaSl inner boundary, 

wherem said relatively large outer boundary of said annular element is adapted 
to be circumferentially attached to an inner circumference of a stomach of said 
patient, such that said annular element divides said stomach into two chambers, an 
esophagus-end chamber close to the esophagus of said patient, and a pylorus-end 
chamber close to a pylorus of said patient 

45. A device according to claim 44, wherein said relatively large outer boundary 
of said annular element is adapted to be circumferentially attached to an inner 
dicumferOTce which is at an upper portion of said stomach. 

46. A device according to claim 44, wherein said relatively large outer boundary 
of said annular element has a diameter less than the diameter of the circumference of 
the stomach on which said relatively large outer boundary is to be attached, such that 
when said annular element is attached to said circumference, said stomach is 
constricted. 

47. A device according to claim 44, wherein said device is made of a biologically 
compatible material. 

48. A method for treatment of obesity of a patient comprismg: 

inserting an annular element having a relatively large outer boundary and a 
relatively small inner boundary into a stomach of the patient; and 

attaching said relatively large outer boundary of said annular element to an 
inner circmnference of the stomach of said patient, such that said amiular element 
divides said stomach into two chambers, an esophagus-end chamber close to an 
esophagus of said patient, and a pylorus-end chamber close to a pyloras of said 
patient. 

49. A method according to claim 48, wherein said inner circumference is at an 
upper portion of said stomach which is close to the esophagus of said patient. 
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50. A method according to claim 48, wherein said annular element further 
comprising an elongated flexible tube extending from the relatively small inner 
boundary in a distal direction, and wherein said method further comRrising placing 
said elongated tube in an intestine of said patient. 
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